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INTRODUCTION
Halffinished products made of the AK6 alumi
num alloy are widely used in different branches of
industry, particularly in building aircraft [1]. It is
known [2, 3] that the structure and properties of the
ingots obtained using semicontinuous casting followed
by homogenization exert hereditary action on the
structure and properties of halffinished products.
The purity of the AK6 alloy in regards to the concen
tration of iron, hydrogen, and nonmetal inclusions has
been substantially improved over the last 30 years due to
the application of aluminum and foundry alloys of higher
grades, as well as outoffurnace methods of melt refin
ing. As a consequence, the processes of alloy crystalliza
tion and the formation of the ingot structure changed.
The features of the ingot structure in cast and homoge
nized states are poorly known, which retards the
improvement of technology for the production of half
finished products from the AK6 alloy despite the steady
increase in requirements for their mechanical, corrosion,
and structural properties.
In this study we fulfilled a thermal analysis and an
electron probe microanalysis of the samples taken
from ingots of the industrial AK6 aluminum alloy.
EXPERIMENTAL
The test samples were cut from the central and
semiradius (0.5 r) zones of industrial cylindrical ingots
of the AK6 aluminum alloy 377 mm in diameter in the
states cast and homogenized according to the serial
mode (480–500°C, 4 h). Their chemical composition
in different ingot zones is given in Table 1.
The temperatures of phase transformations in cast
and homogenized samples were determined using ther
mal analysis followed by the numerical differentiation of
heating curves with respect to time. The experimental
features were as follows. Cylindrical samples 16 mm in
height and 16 mm in diameter with an axial aperture
intended for housing the hot junction of a chromel–
alumel thermocouple was placed into a corundum cruci
ble positioned in a special measuring cell of a thermal
analyzer [4, 5]. The numerical values of thermovoltage
were fixed during the monotonic heating of the sample
from 300 to 670°C with the help of a Sh31 digital voltme
ter after identical time intervals Δτ = 5 s.
Due to the fact that the plot of dependence t(τ) is
characterized by smooth transitions, it is very difficult to
evaluate the temperatures of solidus, liquidus, and phase
transformations with minimal accuracy. To increase the
accuracy, dependences t(τ) were numerically differenti
ated and the plots were constructed based on the points in
coordinates “sample heating rate–sample temperature.”
Phasetransition temperatures t were determined from
these plots with an error of ±0.1°C.
The electron probe microanalysis (EPMA) of
phase components in the samples cut out from cast
and homogenized ingots was performed with the help
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PHYSICAL METALLURGY 
AND HEAT TREATMENT
Table 1. Chemical composition (wt %) of the samples cut from AK6 alloy ingots 377 mm in diameter
Cutting zone
 of sample Cu Mg Si Mn Ti Zn Fe Ni Al
Center 2.3 0.6 1 0.6 <0.1 <0.1 0.1 <0.1 Rest
0.5 r 2.2 0.6 1 0.6 <0.1 <0.1 0.2 <0.1 Rest
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of a JSM5900 LV scanning electron microscope
equipped with an electron probe microanalyzer. Rela
tive measurement errors in determining the concen
tration (C) of chemical elements in the alloy by EPMA
were 5% at C < 10% and 1% at C > 10%.
RESULTS AND DISCUSSION
Figure 1 presents heating thermograms (differen
tial curves) of the samples from the center and semira
dius zone of the AK6 alloy cast ingot, which show the
temperatures of nonequilibrium solidus (tNS) and liq
uidus (tL), as well as of phase transformations in the
solid–liquid state. It is noteworthy that the tNS of the
sample taken from the ingot center is lower than that
of the sample from the ingot semiradius zone by
almost 10°C. In spite of the similar character of ther
mograms of the sample from both zones, the temper
ature ranges of phase transformations in them differ as
well (Table 2).
Figure 2 presents heating thermograms of the sam
ples taken from the center and the semiradius zone of
a homogenized ingot of the AK6 alloy. They show the
temperatures of the equilibrium solidus (tS) and liqui
dus (tL), as well as phase transformations in a solid–
liquid state, the temperature ranges of which are also
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Fig. 1. Thermograms of heating the samples taken from (a) the center and (b) the semiradius zone of the AK6 cast cylindrical
ingot 377 mm in diameter.
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Fig. 2. Thermograms of heating the samples taken from (a) the center and (b) the semiradius zone of the AK6 homogenized
cylindrical ingot 377 mm in diameter.
Table 2. Temperature ranges of phase transformations in the AK6 alloy upon melting
Sampling zone Ingot state
Temperature ranges, °C
ΔtS, °C Δt1, °C Δt2, °C tL, °C
Center Cast 487.5–494.7 512.2–526.7 630.5–633.3 640.5
0.5 r Cast 497.2–504.1 510.7–533.2 636.3–638.5 642.5
Center Homogenized 529.2–543.8 549.6–556.7 637.6–638.7 641.4
0.5 r Homogenized 526.6–541.8 547.5–556.1 635.6–637.2 643.2
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listed in Table 2. It is seen from these data that the dif
ference in the solidus temperatures of homogenized
samples from different zones of the AK6 cast alloy
sample does not exceed 3°C.
Based on the results of a thermal analysis of the
samples taken from the central and semiradius zones
of the AK6 cast alloy ingot, the temperature of non
equilibrium solidus is 487.5 and 497.2°C, respectively.
In this case, the melting of a nonequilibrium eutectic
is accomplished in a broad temperature range. The
homogenization of the ingots in accordance with a
serial mode (480–500°C, 4h) causes the dissolution of
Table 3. Local chemical composition (wt %) of the phases in a typical region in the section of cast and homogenized sam
ples of the AK6 alloy
Point no. 
in Fig. 3 Mg Al Si Ti Mn Fe Ni Cu Zn Total
AK6 cast alloy
1 0.2 50.9 1.2 0 0 0 0.2 47.5 0 100
2 0.2 51.4 1.3 0 0 0 0.2 46.9 0 100
3 0.3 51.6 1.6 0 0.1 0.2 0.1 46.1 0 100
4 0.3 59.9 10.3 0 13.5 12.0 0.1 3.9 0 100
5 0.2 66.8 9.3 0 10.6 9.2 0.1 3.8 0 100
6 0.1 60.1 9.9 0 14.3 12.3 0 3.3 0 100
7 29.5 22.7 31.3 0.1 0 0 0.1 16.3 0 100
8 22.6 35.0 26.4 0 0 0.1 0 15.9 0 100
9 0.3 98.4 0.1 0.1 0.5 0 0 0.6 0 100
10 0.3 98.0 0.4 0.1 0.4 0.1 0 0.7 0 100
11 0.3 98.5 0.3 0 0.4 0 0 0.5 0 100
12 0.5 96.9 0.6 0 0.6 0 0 1.4 0 100
13 0.3 95.1 1.3 0 0.1 0 0 3.2 0 100
14 0.6 96.4 0.9 0 0.1 0.1 0.1 1.8 0 100
15 4.0 52.1 12.6 0 0.2 0.2 0.2 30.7 0 100
16 0.6 56.6 11.6 0 0.2 0 0.2 30.6 0.2 100
AK6 homogenized alloy
1 28.3 25.8 30.1 0 0 0.1 0 15.7 0 100
2 22.2 38.8 26.1 0 0.1 0 0 12.7 0.1 100
3 24.8 31.8 28.4 0 0 0.1 0 14.9 0 100
4 24.0 36.2 25.9 0 0.1 0 0.1 13.7 0 100
5 0.1 62.2 10.2 0 12.4 11.1 0 4.0 0 100
6 0.6 62.3 10.3 0 12.1 10.3 0.2 4.1 0.1 100
7 0.4 59.5 10.8 0 13.3 11.4 0 4.6 0 100
8 0.1 62.5 9.6 0 12.9 11.0 0 3.9 0 100
9 0.5 95.2 1.3 0 0.4 0.1 0 2.5 0 100
10 0.3 95.9 0.8 0.1 0.6 0.1 0 2.2 0 100
11 0.3 96.3 0.8 0 0.5 0.1 0 2.0 0 100
12 0.2 96.5 0.7 0.1 0.4 0 0 2.1 0 100
(a) 100 µm (b) 100 µm
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Fig. 3. Typical microstructure of the samples taken from the central zone of (a) cast and (b) homogenized AK6 ingots 377 mm in
diameter.
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the nonequilibrium eutectic in the grains of the alumi
num alloy host. In this case, the temperature of the
onset of melting of the formed eutectic increases to
529.2°C for the sample taken from the center and
526.6°C for that taken from the semiradius ingot zone.
The local chemical composition of the phases in
the cast and homogenized ingots was determined
using the EPMA of polished sections of the source
samples. Figure 3 shows electronmicroscopic images
of typical regions of the slice from the center of the cast
and homogenized AK6 alloy samples in backscattered
electrons (BSE). Digits denote the points (phases)
where the local chemical composition was deter
mined.
It follows from Fig. 3 that the particles of the phases
are arranged along the boundaries of dendritic cells
and their chemical compositions are rather complex
(Table 3). Switching from weight to atomic percentage
allowed us to calculate the formulas of individual
phases (Table 4). Table 4 also represents the ranges of
the spread in contents of alloying elements in the hosts
of the cast and homogenized samples.
An analysis of our data shows that nonequilibrium
phases Al5Cu2 and Al4Cu2Si revealed in the cast sam
ple are absent in the homogenized alloy. The composi
tion of the phases formed by major alloying elements
(magnesium, silicon, and copper) varies during the
homogenization of the ingot. The Si and Cu contents
in the alloy host substantially increase. The complete
dissolution of the formed phases does not occur during
the serial homogenization mode of the ingots.
CONCLUSIONS
The temperature of the onset of melting of the non
equilibrium eutectic (nonequilibrium solidus) in the
samples taken from a cast ingot of the AK6 alloy was
determined by thermal analysis. It was revealed that
this temperature depends on the cutting zone of the
samples from the ingot. Chemical compositions of
nonequilibrium phases involved in the nonequilibrium
eutectic and the alloy host were evaluated with the use
of electron probe analysis. It is shown that homogeniz
ing the AK 6 alloy ingots following the serial mode
causes an increase in the eutectic temperature by 30–
40°C depending on the cutting zone of the sample
from the ingot. The composition of phases formed by
alloying elements and the alloy host substantially var
ies in this case.
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Table 4. Formulas of phases and spread ranges of contents of alloying elements in hosts of the cast and homogenized sam
ples of the AK6 alloy
Phase
Cast state Homogenized state
point no. in Fig. 3a 
and Table 3 formula
point no. in Fig. 3b 
and Table 3 formula
1 1, 2, 3 Al5Cu2 –
2 15, 16 Al4Cu2Si –
3 7, 8 Al4Mg4Si4Cu 1, 2, 3, 4 Al6Mg5Si5Cu
4 4, 5, 6 Al11Si2MnFe 5, 6, 7, 8 Al36Si6Mn4Fe3Cu
Host (wt %) Points 9–14:
0.3–0.5 Mg, 0.1–1.3 Si,
0.1–0.6 Mn, 0.5–3.2 Cu,
up to 0.1 Ti, up to 0.1 Ni
Points 9–12:
0.2–0.5 Mg, 0.7–1.3 Si, 
0.4–0.6 Mn, 2.0–2.5 Cu, up to 0.1 Ti
